Introduction {#Sec1}
============

Providing clinical care for patients suffering from high-consequence infectious disease (HCID) is challenging. Medical therapy for patients suffering from HCID may frequently be sophisticated and complex but lacking in evidence base and in extensive experience. Despite maximal intensive care treatment that is administered, including the most advanced resources, mortality among such patients is mostly very high. On the other hand, the natural impulse as a medical practitioner to provide immediate and efficient medical care to the patient may be compromised by the need for health care workers' (HCW) protection with personal protective equipment (PPE). Biological weapons agents are frequently rare, highly virulent microorganisms causative for HCID (Table [9.1](#Tab1){ref-type="table"}).Table 9.1Causative agents of HCID potentially requiring high level containmentAgentDisease(s)US Biosafety Level (BSL) requirement^a^Middle East respiratory syndrome coronavirus (MERS-CoV)Middle East respiratory syndrome (MERS)3Severe acute respiratory syndrome coronavirus (SARS-CoV)Severe acute respiratory syndrome (SARS)3*Yersinia pestis*Pneumonic plagueBubonic plaguePlague meningitisPlague sepsisOther forms of plague3Variola virus (VARV)Smallpox4Monkeypox virus (MPXV)Monkeypox4Crimean-Congo hemorrhagic fever virus (CCHFV)Crimean-Congo hemorrhagic fever (CCHF)4Ebola Virus (EBOV)Sudan Virus (SUDV)Taï Forest Virus (TAFV)Bundibugyo Virus (BDBV)Ebola virus disease (EVD)4Marburg Virus (MARV)Ravn Virus (RAVV)Marburg virus disease (MVD)4Lassa virus (LASV)Lassa fever4Other viruses for which US BSL requirement is 4 and which are causative of viral hemorrhagic fevers (e.g., Junín Virus, Machupo Virus)^a^Laboratory biosafety levels according to: <https://www.cdc.gov/biosafety/publications/bmbl5/bmbl5_sect_iv.pdf>

This chapter focuses primarily on individual patient care with a high level of both patient care and infection prevention and control. Mass casualty management strategies for HCID are discussed as well.

Initial Approach Towards an HCID Patient Potentially Requiring High Containment Isolation {#Sec2}
=========================================================================================

The initial approach towards an HCID patient differs. Scenarios might be:*A patient turns up at a medical facility on her/his own initiative as a suspect case*

This might include the so-called "worried well" who did not encounter a significant source of infection. Particularly in the case of a mass casualty scenario, the "worried well" may slow down clinical management of genuinely affected patients \[[@CR1]\]. Furthermore, a significant role is played by patient and staff flow as well as structural capacities of the hospital.(b)*A patient is brought to a medical facility by ambulance as a suspected case*

This scenario is probably managed most easily. Patient and staff flow, area management, and protective measures (such as donning PPE) are regulated quite restrictively in Standard Operating Procedures (SOPs) of high-level isolation units as well as of other tertiary care hospitals.(c)*A patient is admitted to hospital for a differential diagnosis (e.g., malaria, influenza). An HCID is diagnosed later on in the hospital or after discharge*

Secondary transmissions of HCID in Africa and the Western World frequently follow this scenario. For example,In May 2015, a patient travelled from Liberia via Morocco to the USA, where he was admitted to hospital due to a sore throat, fever, and tiredness. He reportedly did not indicate travel to Western Africa and was discharged home the same day. Three days later, he was re-admitted due to clinical deterioration and tested positive for Lassa virus (LASV) infection. He succumbed to Lassa fever \[[@CR2]\].A patient who was initially diagnosed with malaria was medically evacuated from Togo to Germany in March 2016. After his death, his body was retrospectively tested and found to be infected with LASV. The mortician who handled the corpse contracted the virus, developed Lassa fever, was administered experimental treatment with ribavirin and favipiravir and survived \[[@CR3], [@CR4]\].In August 2016, a man presented to a university hospital in Madrid, Spain, with a history of high fever, abdominal pain, malaise, nausea, and diarrhea. His clinical condition deteriorated, he developed multi-organ failure, and died in spite of intensive care treatment. All tests for routine infections were negative. Retrospectively, he was diagnosed with Crimean-Congo hemorrhagic fever (CCHF). A nurse who had assisted with the endotracheal intubation of the index patient contracted CCHFV, was treated with ribavirin, and survived \[[@CR5]\].

Patients might present to a health care facility of any level. It is probable that the initial physician confronted with an HCID patient sees an HCID clinical picture for the first time in her or his life. Hence it is crucial to have immediate technical support by medical professionals experienced in infectious diseases as well as reference hospitals close by. Numbers and bed capacities of high-level isolation units (HLIU) differ largely between countries \[[@CR6]\]. During the 2013--2016 Ebola virus disease (EVD) outbreak in Western Africa, medical evacuation of non-EU/non-US citizens was an issue due to the scarcity of suitable isolation facilities in their home countries \[[@CR7]\].

Infection prevention and control measures are crucial. Please refer to Chap. 10.1007/978-3-030-03053-7_8 for further instructions on universal precautions. The particular approach differs according to the suspected pathogen. Causative pathogens of viral hemorrhagic fevers (VHFs) such as Ebola virus (EBOV) and LASV have a relatively low stability, and fluid transmission plays the key role \[[@CR8]\]; hence national and international guidelines on EVD recommend a safety distance of 1.5--2 m to avoid transmission via macro droplets in case PPE is not worn---such as in patient screening \[[@CR9], [@CR10]\]. If physical contact to the patient and/or her/his bodily fluids has to occur, wearing PPE is of utmost importance. For PPE recommendations please refer to the Sect. 9.[7](#Sec7){ref-type="sec"}.

Health care facilities of any level should include the initial approach towards suspected and confirmed HCID cases in their emergency preparedness plans and SOPs. These procedures might differ largely between hospitals, depending on factors such as human resources and the architectural setup of the medical facilities.

Area Management {#Sec3}
===============

The location where an HCID patient receives medical care is potentially highly contaminated. PPE should be worn at any time. Areas in which there is a low risk of infection and which serve as a supply base (e.g., storage room, staff room) versus sites that are high-risk zones (places where patient care takes place) should be defined very clearly. The 2013--2016 EVD outbreak has shown that poor area management can be a significant source of infection \[[@CR11]\].

There are different concepts of area management. For example,In EVD treatment centers in field settings, usually a "low-risk zone" and "high-risk zone" are defined.A differentiation between a red zone (contaminated patient area), a yellow zone (inner chamber), and a green zone (outer chamber/non-contaminated area) is made in the context of occupational health dealing with HCID in Germany \[[@CR12]\].

The inner chamber ("yellow zone") allows space for PPE decontamination and doffing (Fig. [9.1](#Fig1){ref-type="fig"}).Fig. 9.1Example of Area Management: Medical evacuation aircraft "Robert Koch". The patient is treated in the red zone by staff wearing personal protective equipment (PPE). The yellow zone is designated for PPE decontamination and doffing. Staff can don PPE and store supplies in the green zone

Supportive Treatment {#Sec4}
====================

Supportive treatment should be based on clear plans and guidelines, such as those for intensive care and sepsis management (<http://www.survivingsepsis.org>). Furthermore, national and international (WHO) specific guidelines and therapeutic recommendations for the particular disease should be consulted. Intensive care largely depends on available resources in the limited nursing setting. There are indications that intensive care may improve clinical outcomes: Out of 20 patients who were medically evacuated during the 2013--2016 EVD outbreak, 16 survived, yielding a case--fatality ratio (CFR) of 20% \[[@CR13]\]. On the other hand, the overall case--fatality ratio for all confirmed cases in Guinea, Sierra Leone, and Liberia with recorded clinical outcomes was 63% \[[@CR14]\]. Even more, case fatality ratios for Marburg virus disease (MVD) fluctuate between \~22% for an outbreak which occurred in West Germany in 1967 (supportive treatment and frequent blood samplings for clinical surveillance were performed at that time) and \~88% for an outbreak in Uíge/Angola in 2005 \[[@CR15], [@CR16]\].

One means of intensive care not listed in Table [9.2](#Tab2){ref-type="table"} is extracorporeal membrane oxygenation, the use of which has been documented for one case of Middle East respiratory syndrome (MERS) treated in France \[[@CR19]\]. Severe acute respiratory syndrome (SARS), MERS, and pneumonic plague mainly affect the respiratory system. A long-term follow-up study indicates that patients affected by adult respiratory distress syndrome (ARDS) can benefit from extracorporeal membrane oxygenation \[[@CR20]\]. Equipment and qualified staff are available in designated extracorporeal membrane oxygenation centers. A directory of these centers is available at <https://www.elso.org/>.Table 9.2Supportive care measures reportedly delivered at EVD treatment facilities during the 2013--2016 Western African outbreak \[[@CR13], [@CR17], [@CR18]\]FacilitySupportive care measures availableGoderich Treatment Centre (Sierra Leone)Constant bedside nursingContinuous blood pressure/heart rate/respiratory rate monitoringPulse oximetryArterial and venous cannulationNasogastric tube feedingInvasive ventilationContinuous renal replacement therapyDiagnostic biochemistry and hematologyUltrasonographyPlain radiographyMathaska Ebola Treatment Unit (Sierra Leone)Nasogastric tube feedingBedside ultrasoundIntraosseous cannulation for intravenous fluid resuscitationFrankfurt High-Level Isolation Unit (Germany)Constant bedside nursingContinuous blood pressure/heart rate/respiratory rate monitoringPulse oximetryPeripheral arterial and venous cannulationCentral venous cannulation/placement of Sheldon CatheterInvasive ventilationRenal replacement therapyDiagnostic biochemistry and hematologyUltrasonographyPlain radiography

Specific Treatment {#Sec5}
==================

Specific treatment for HCID is often still experimental and/or only administered as compassionate use. This lack of progress is partly due to a lack of patients and costly large-scale clinical trials, hence precluding regular drug approval by national drug authorities. For example, the use of ribavirin as a treatment of Lassa fever is mainly based on a small clinical study without a control group performed in the 1980s \[[@CR21]\]. However, none of the HCID dealt with in this chapter are listed as neglected tropical diseases, according to WHO \[[@CR22]\]. Examples of specific treatments for HCID are indicated in Table [9.3](#Tab3){ref-type="table"}.Table 9.3Examples of specific treatments, post-exposure prophylaxis and vaccines for HCID (all experimental)Disease(s)TreatmentPost-exposure prophylaxisVaccinesInternational specific treatment guidelinesPneumonic plagueQuinolonesAminoglycosidesTetracyclinesCotrimoxazole\[[@CR23], [@CR24]\]Quinolones, cotrimoxazole \[[@CR23], [@CR24]\]Sub-unit vaccine based on the F1- and V-antigens \[[@CR25]\]WHO guidelines available \[[@CR23]\]SmallpoxBrincidofovir \[[@CR26]\]Tecovirimat (ST-246) \[[@CR27]\]Smallpox vaccine \[[@CR28]\]Smallpox vaccine (WHO Emergency stockpile 'SVES' available) \[[@CR29]\]Crimean--Congo hemorrhagic feverRibavirin \[[@CR30]\]Favipiravir \[[@CR31]\]WHO guidelines in development \[[@CR32]\]Ebola virus disease^a^ZMAPP \[[@CR33]\]Favipiravir \[[@CR34]\]VSV-ZEBOV vaccine \[[@CR35]\]VSV-ZEBOVChAd3-vaccine \[[@CR36]\]WHO guidelines available \[[@CR37]\]Lassa feverRibavirin \[[@CR21]\]Favipiravir \[[@CR38]\]Ribavirin \[[@CR39]\]For more details, please consult chapters dealing with the particular disease as well as national and international guidelines^a^In the context of the 2013--2016 Western African EVD outbreak, research activities were mainly focused on Ebola Virus (EBOV) and did not target other ebolaviruses (SUDV, TADF, BDBV) or marburgviruses (MARV, RAVV). For future epidemics caused by filoviruses other than EBOV, there are thus still significant research gaps concerning specific treatment and vaccination \[[@CR40]\]

National and international guidelines which mention specific treatments against HCID are scarce. Some of the above-mentioned specific treatments are more frequently used for treating more 'common' diseases, making available more safety data and facilitating easier drug procurement, for example:Antibiotics such as quinolones/tetracyclines/cotrimoxazole against bacterial infectionsOral ribavirin against hepatitis C andFavipiravir against influenza.

On the other hand, drug procurement and stockpiling of rarely used drugs or those commercially undeveloped (so-called 'orphan drugs') are a challenge. The fact that synergies are not implemented but country and state authorities tend to do 'their own thing' can be detrimental for efficient stockpiling strategies \[[@CR41]\]. Drug procurement strategies should take into account established contacts to the drug manufacturer and to the public health/drug/customs authorities and, if applicable, should also consider benefitting from the compassionate use program. For examples of such programs, please refer to \[[@CR42]--[@CR44]\].

Dead Body Management {#Sec6}
====================

Handling dead bodies is a high-risk task. Staff managing dead bodies (e.g., morticians) are rarely trained at the same level as medical practitioners, although they may be exposed to the same risks. As for EVD, the highest viral loads can be found in dead bodies \[[@CR45]\]. Having well-trained staff and PPE available is crucial. All procedures that involve any contact with the dead body and/or body fluids should be performed while wearing PPE. All avoidable procedures (e.g., embalming) should be avoided. The body should be placed in a body bag. Cultural sensitivities should be respected when handling a dead body as the evacuation of a dead body can be traumatizing for the population. For example, during the Western African EVD outbreak, burial teams were attacked \[[@CR46]\]. Exact procedures for decontamination of the dead body, body bag, and surroundings as well as exact burial procedures depend on the causative pathogen. For example, *Yersinia pestis*, though sensitive in aerosols, can survive in carcasses for up to 2 months at 35 °C \[[@CR47]\]. ICRC guidelines for dead body management in disaster contexts were updated recently \[[@CR48]\]. A specific WHO dead body management/burial guideline for EVD is available \[[@CR49]\].

Personal Protective Equipment (PPE) {#Sec7}
===================================

For further instructions on universal precautions, please refer to the Chap. 10.1007/978-3-030-03053-7_8 in this book. PPE should be safe, user-friendly, and appropriate. Choosing the 'appropriate' PPE is complex because of to the following elements:National and international PPE recommendations vary. For example, during the Western African EVD outbreak, differences between PPE standards of WHO, CDC, MSF, and other actors were the subject of debate \[[@CR50]\].The resources in terms of materials and qualified staff are different from place to place.National work security regulations differ (e.g., restricting duration of shifts).In the event of a possible bioweapons attack, the causative agent might be unknown (unknown pathogen or, even more complex, generally unknown chemical/biological/radiological/nuclear CBRN-spectrum agent) or multi resistant (example: multi-resistant *Y. pestis*). Particle sizes for different pathogens differ significantly, compromising the choice of the appropriate respirator. For example, if a chemical agent cannot be excluded in a scenario of a generally unknown CBRN-spectrum agent, a self-contained breathing apparatus should be considered.

Types of PPE are*PPE with gown/overall*, FFP2/3 (or N95/N98) respirator, double gloving, goggles/face shield and other facultative items (e.g., apron, rubber boots): This PPE is inexpensive, widely available, and WHO standards have been set for clinical care for patients infected with filoviruses such as EBOV: <http://www.who.int/csr/resources/publications/ebola/ppe-guideline/en/>.The challenge is that this PPE is composed of singular items, each of which was usually tested according to norms (in the European Union: EN standards). In practice, due to the complexity of donning, doffing, and decontaminating PPE, errors which compromised biosafety have been documented \[[@CR51]\]. Furthermore, particular agents for decontamination (e.g., peracetic acid) cannot be used due to lack of filtering of chemical agents by FFP2/3 (or N95) respirators. Finally, because of the lack of ventilation, exhaustion due to heat is frequent and the wearing time thus limited \[[@CR52]\].*Powered Air Purifying Respirator (PAPR)* is frequently used in European HLIU and, as for the EU, defined by EN standard 12,941 \[[@CR53]\]. Depending on the exact type, they are mostly easy to don and doff. As ventilated equipment, PAPR is comfortable to wear, allowing longer working times \[[@CR54]\]. Decontamination can be performed by, for instance, taking a shower with a decontaminating agent, provided that this agent is compatible with the filter chosen. However, PAPR is quite expensive and hence may not be available in resource-poor settings.*Self-Contained Breathing Apparatus* is frequently used by fire brigades in Western countries (e.g., for intervening in smoky locations or those contaminated by chemical agents). This apparatus is heavy, complex to use, allows only very limited time of operation while wearing it, and is, according to national work security regulations, only to be used by staff who underwent a medical examination for aptitude. The choice of a self-contained breathing apparatus should hence be reserved to settings in which the presence of an agent leaking through the filters of other PPE (e.g. PAPR) cannot be excluded \[[@CR54]\].

The choice of PPE for different procedures in environmental and health care settings should be circumscribed as clearly as possible *before* an HCID-related event takes place.*Case example 1*: Choice of PPE in HLIU in Germany

The choice of PPE in Germany is mainly prescribed by regulations (e.g., Ordinance on biological substances or technical regulations for biological substances---TRBA). Annex 1 of TRBA No. 250 describes the infection prevention and control measures that have to be undertaken in an HLIU. There, PAPR according to the norm EN 12941 is set forth as mandatory. Each one of the seven German HLIU has its individual PAPR. Integrated systems as well as a combination of an overall and a ventilated hood are used.*Case example 2*: Choice of PPE in mass casualty management in Israel

The type of PPE to be used in Israel by medical first responders and hospital teams in each type of emergency scenario is determined by the Israeli Ministry of Health. The decision is made based on the lethality of each agent, availability or lack of a specific effective treatment, extent of morbidity, and level of infectivity. In case of agents that are not communicable from person to person (e.g., *Bacillus anthracis*), standard droplet protection is required consisting of surgical masks, protective glasses/facial protection, and a gown while performing actions that involve aerosol exposure (e.g. suction of secretions). During pandemics, aerosol protection is required especially if the lethality of the disease is high relative to seasonal influenza. This protection includes surgical masks (to be replaced at least every 4 h); gowns over clothes; gloves to prevent contact with mucous membranes, blood secretions, and fluids; and protective goggles only when performing activities that pose a risk of spraying onto mucous membranes. In cases when aerosolization is likely, N95 masks are required (e.g., cases of airborne infection). Only very severely ill patients are treated by staff donning the strictest PPE against aerosol agents, including negative-pressure protective systems and ventilated hoods.

Decontamination and Disinfection {#Sec8}
================================

This chapter deals with decontamination and disinfection in the context of clinical management. For general advice on decontaminating capabilities and facilities, please refer to Chap. 10.1007/978-3-030-03053-7_6 in this book. The decontaminating agent should be chosen depending on the pathogen and site (PPE, surface, medical equipment, skin/mucous membranes or eyes, environmental decontamination). International and national recommendations concerning decontaminating agents should be taken into account, considering the pathogen (bacteria, viruses, or fungi). The 'worst-case pathogen' is *Bacillus anthracis* due to its extreme stability in most environments \[[@CR55]\].

*Concerning PPE decontamination*, detailed documentation is available concerning its application and decontamination at a CBRN site ('hot zone') \[[@CR56]\]. On the other hand, the decision of how to decontaminate PPE after having performed clinical management of HCID patients is complex: Concerning EVD, CDC currently recommends disinfection of gloved hands as well as of visibly soiled parts of the PPE. PAPR should be cleaned and disinfected in accordance with the manufacturer's recommendations \[[@CR57]\]. As for high-level isolation units in Germany, PAPR is systematically decontaminated after use. For example, when an EVD case was cared for in Hamburg/Germany in 2014, the PPE was decontaminated after use by two shower cycles with 2% perchloric acid for 2 min, a residence time of 7 min, and rinsing off of acid residues by showering with water \[[@CR17]\].

*Surface decontamination* can be complex if the surface is porous and/or if medical equipment is involved. Krauter et al. \[[@CR58]\] discuss general decontamination strategies following a bio-contamination event.

The *decontamination of medical devices and the needed measures* are, in detail, discussed by WHO \[[@CR59]\] and RKI \[[@CR60]\]; differentiating between:non-critical equipment which neither invades the skin nor comes in contact with mucous membranes (e.g., ECG electrodes)semi-critical equipment which comes in contact with mucous membranes (e.g., speculum, gastroscope), andcritical equipment which is invasive (e.g., retractors, trocars).

The relevant guidelines should be consulted to decontaminate medical devices adequately.

*Decontamination of skin, mucous membranes, or eyes* applies mainly in the context of immediate contamination with a bioweapons, such as *B. anthracis* spores. Please refer to Chap. 10.1007/978-3-030-03053-7_6 in this book as well as Krauter et al. \[[@CR58]\].

*Disinfection of skin, mucous membranes, or eyes* is subject to universal precautions (see Chap. 10.1007/978-3-030-03053-7_8 in this book). A particular challenge can be the disinfection of mucous membranes and eyes due to their vulnerability. For disinfection of mucous membranes, the Framework Ebola Virus Disease document in Germany recommends octenidine dihydrochloride/phenoxyethanol or chlorhexidine-containing drugs or povidone--iodine complexes (7.5%) (e.g. Octenisept®, Skinsept mucosa®, Braunol®). For application on the eyes, 5% povidone--iodine complex can be suitable \[[@CR61]\]. A particular scenario might be an accidental exposure to bodily fluids, for instance by a splash of infective bodily fluids on unprotected skin or into the eyes, or by a needle stick injury. Medical facilities should have clear SOPs for such incidents.

For environmental decontamination, please refer to Chap. 10.1007/978-3-030-03053-7_6 in this book. This topic is furthermore discussed in detail by Franco and Bouri \[[@CR55]\].

Practical Case Examples: Lassa Fever and Ebola Virus Disease in Germany {#Sec9}
=======================================================================

*Ebola Virus Disease in Germany in 2014*

Health care worker (HCW) infections were an important and very sad effect of the Western African EVD outbreak. As of 31 March 2015, 815 HCW had contracted EVD. Out of 635 health care workers for whom the outcome was available, 418 (65.9%) died \[[@CR62]\]. In total, three medically evacuated HCW were treated in HLIU in Germany in 2014, two of whom survived. The patients were administered experimental treatments and likely benefited from intensive care. Infection prevention and control was thoroughly maintained. Staff caring for the patients wore PAPR as PPE. Neither secondary infections nor imported cases occurred in Germany \[[@CR17], [@CR18]\]. In spite of this fortunate epidemiologic 'outcome', there was an emotional debate in Germany driven by fear \[[@CR63]\]. Public health authorities made a tremendous effort to enhance emergency preparedness towards the disease, and an elaborate document 'Framework Ebola Virus Disease' was released led by Robert Koch Institute, Germany RKI \[[@CR64]\]. A sophisticated medical evacuation airplane with resources for performing comprehensive intensive care measures aboard was designed, launched in November 2014 and, because of the end of the humanitarian crisis related to EVD, dismantled in \[[@CR65], [@CR66]\].2.*Lassa Fever in Germany 2015*

In February 2016, a 46-year-old HCW who worked in Togo fell sick with developing fever, malaise, and a sore throat. He was admitted to a local hospital where treatment for suspected malaria was started immediately. Because of clinical deterioration he was medically evacuated from Togo to Germany nearly 2 weeks later. He was admitted to the University Hospital of Cologne, Germany. After arriving at this hospital, the clinical condition of the patient deteriorated dramatically, resulting in the patient's death shortly after hospital admission. The post-mortem examination did not reveal an underlying infectious disease. Simultaneously, after histologic examination of liver specimens of the index case a viral hemorrhagic fever was suspected. Blood and liver samples were sent to the Bernhard Nocht Institute for Tropical Medicine in Hamburg, Germany, for further analysis. The institute confirmed LASV infection by PCR. The body was hence cremated \[[@CR67]\].

A mortician who handled the primary case's corpse, and who was reported to have worn gloves and did not recall being exposed to body fluids, contracted the disease. He had overlapping clinical signs of an upper respiratory tract infection at the time of contact. Eight days after exposure, a first PCR for LASV was negative. A subsequent PCR was positive and the patient was admitted to the isolation unit in Frankfurt. He received experimental treatment with ribavirin and favipiravir, clinically improved with resolving fever from the 7th day of disease onwards, and survived \[[@CR4], [@CR68]\].

This was the first recorded transmission of LASV infection outside Africa. The case underlines the need for rapid and robust diagnostics of HCIDs and for maintaining proper infection prevention and control measures by using PPE whenever HCIDs cannot be ruled out. The incident also demonstrated that larger outbreaks can be prevented successfully when the Health Protection Authorities (HPA) react quickly and efficiently and install effective infection control measures. Difficulties were related to the unreliableness of contact persons who did not adhere to communicated control measures, thereby provoking an increase in the number of contacts. Also, one explicit lesson learned was that information between different authorities involved should be shared rapidly, facilitated by a central coordination \[[@CR69]\].

Role of the Public Health Sector {#Sec10}
================================

The interface between HCID expertise in clinical management and public health sectors should be well established. For example, for referring a patient, a health care facility might need an isolation transport ambulance---and hence the assistance of the public health service for coordination. For contact-tracing activities, the public health service requires information that is gathered by the health care facilities from affected people. HPA are responsible for responding to any problem concerning the infected patient outside of health care facilities, as well as for limiting secondary transmissions. Despite an increasing knowledge about HCID, major challenges still remain for the physicians and HPA who treat these patients.

In Germany, the Permanent Working Group of Competence and Treatment Centres for highly infectious, life-threatening diseases (STAKOB) was established in 2014. It regroups HCID experts from all seven HLIU---mainly infectious disease specialists---and from seven corresponding HPA \[[@CR70]\]. The STAKOB members HLIU and HPA are located dispersedly on the state level to assure proximity. Additionally, specialists from the Federal Institute for Vaccines and Biomedicines, the medical services from the Federal Foreign Office, the medical service of the German Federal Armed Forces, and others participate in the activities. The STAKOB office is affiliated to the Robert Koch Institute (RKI). Regular meetings are held twice a year, and conference calls are made supplementarily and *ad hoc* in the event of an occurring crisis. In addition to professional exchange and emergency preparedness activities, STAKOB was involved in the provision of medical care to the three EVD cases evacuated to Germany in 2014 and in the response to Lassa Fever that occurred in Germany in 2015 (see case descriptions above).

Particularities in HCID Mass Casualty Management: The Israeli Example {#Sec11}
=====================================================================

Surge Capacity {#Sec12}
--------------

An HCID outbreak might rapidly develop andrequire management of mass casualties that may present to the hospitals. The influx of patients to the emergency departments (EDs) necessitates preparedness to expand surge capacities of the varied hospital facilities including the ED, intensive care units, inpatient departments, and laboratory capacities \[[@CR71], [@CR72]\]. Nevertheless, compared to natural disasters or other types of emergency situations, an HCID outbreak presents different challenges, as the patients do not necessarily present to the emergency departments simultaneously and for a short period of time but rather do so over a prolonged time span \[[@CR65]\]. The patients may present a high risk for transmitting the infection and thus pose a risk for spreading the disease to the personnel or other patients that are hospitalized. Therefore, those managing the event need to take into account unique elements of surge capacity such as designated infrastructure and equipment (i.e., isolation facilities), communication measures, and means for infection control \[[@CR65], [@CR73]\].

It is recommended that establishment of a designated "biological ED" be considered, separate from the routine EDs, to facilitate safety measures and prevent potential infection of staff and other patients that present to the hospital concurrently. Regardless of the decision to operate a designated "biological ED" or admit patients in the routine ED, expansion of surge capacity of place, resources, infrastructure, and medical personnel should be instated to enable management of the numerous patients that are expected \[[@CR72], [@CR74]\].

The overload of inpatients may necessitate application of modifications in the hospitalization policy, compared to routine management, to optimize resource management \[[@CR75], [@CR76]\]. For example, the proportion of patients who require ventilation may rise to a level of 3--4 times the average number during routine periods, rendering the Intensive Care Units (ICUs) incapable of treating all the patients. Expansion of ventilation capacities is needed, based on designation of sites that consist of needed infrastructure for ventilation, such as in ambulatory surgical departments or step-down units.

Elective and ambulatory activities may be reduced and, in extreme situations, may be ceased altogether. General hospitalization guidelines may be modified, such as restricting hospitalization periods after childbirth or surgeries, and may adopt altered standards of care \[[@CR76]\]. The resources that will be made available resulting from the modified operations can then be redirected to the HCID mass casualty management.

To overcome the shortage of hospital beds, additional facilities within the hospital may need to be involved as admitting or hospitalization sites. Hospital temporary wards may thus be installed in designated sites such as dining rooms, ambulatory clinics, and libraries or other areas that are sufficiently spacious to be converted for this purpose. Regardless, the scope of inpatients may exceed the overall capacities of the hospitals, necessitating operation of auxiliary facilities such as geriatric hospitals, nursing homes, community clinics, or even hotels, which may be temporarily used as extension hospital sites \[[@CR77], [@CR78]\].

Triage {#Sec13}
------

Triage of patients is a crucial component of managing an HCID mass casualty event to prevent overload and facilitate an effective management of resources \[[@CR79]\]. The main objective of triage processes is to facilitate saving as many salvageable patients as possible by identifying those that will survive as a result of the administered medical attention who would otherwise not live \[[@CR79], [@CR80]\]. Triage during HCID events focuses on sorting those severely and critically ill patients who require immediate medical intervention from other casualties whose treatment may be delayed or administered in alternative facilities \[[@CR81]\]. Another objective of triage in HCID situations is to use the available resources (i.e., manpower, equipment, or infrastructure) optimally to mitigate chaos and restore order, so as to resume routine operations and levels of medical care in the shortest time possible \[[@CR82]\].

The triage process may represent a significant challenge to health care personnel as it is conducted under potentially stressful circumstances when many patients present to the hospital simultaneously. As the staff are required to work under biosafety precautions and regulations, deviations from the routine mode of operation pose a complex challenge. Modifications to the routine mode of patient admittance are instated, and the staff operate while wearing personal protective gear that may be perceived as uncomfortable or daunting \[[@CR83], [@CR84]\].

A triage site must be defined to direct the patients to the appropriate ED. A senior internist or pediatrician (according to the designation of the site) should be appointed as Triage Medical Officer, responsible for managing the triage operations and directing each patient to the appropriate treatment site. Maintaining calm, adhering to principles of emergency response, and leading the initial sorting of the patients is a vital component of an effective emergency management of an HCID event \[[@CR85]\].

Patients who are referred to the hospital by official agencies, such as the emergency medical services (EMS) or their primary physicians, should be directed immediately to the "biological ED"; patients who present to the hospital independently should be referred to the Biological Site according to the decision of the Triage Medical Officer.

Initial treatment in the ED is targeted to provide urgent (life-saving) treatment and to decide whether the patient requires hospitalization or may be discharged to be cared for in the community \[[@CR83]\]. The triage must be administered strictly; patients may be referred from the ED to hospitalization only following the decision of a senior physician. Therefore, hospitals need to ensure the ongoing presence of senior staff in the ED around the clock as long as the situation persists \[[@CR71]\].

Deployment of a Hospital Incident Command Center {#Sec14}
------------------------------------------------

As the significant influx of patients may overwhelm the hospital's capacities and to achieve optimal management of resources, an Incident Command Center needs to be established in an HCID epidemic \[[@CR72]\]. The Incident Command Center is responsible for providing support to the medical teams to enable them to administer optimal medical care, despite the shortage in resources \[[@CR71]\]. The main tasks of this Center are to update and direct the hospital's staff concerning the mode of operation, both clinically and organizationally; maintain ongoing contact with internal and external bodies; manage appropriate allocation of resources including manpower and equipment; monitor admission of patients; manage allocation of protective measures for the personnel and inpatients; and coordinate reinforcements of imaging and laboratory capacities.

Isolation Facilities in the Mass Casualty Management Context {#Sec15}
------------------------------------------------------------

Technical requirements to ensure capacity to treat patients with HCID have been defined and include components such as negative-pressure airborne infection isolation facilities and aerosol-tight doors and windows \[[@CR86], [@CR87]\]. Although many countries have installed such measures that allow them safely to admit and treat patients infected with biological agents, only few of them have facilities that allow for a massive influx of such patients. It is therefore expected that the surge of patients presenting to the hospitals will significantly surpass the available isolation capacities \[[@CR6], [@CR88]\]. Considering the high cost of installing isolation facilities that comply with the strict requirements of suitability to manage HCID events, it stands to reason that the current infrastructure will not change dramatically. Accordingly, a modified mode of operation is needed to facilitate effectively the management of a mass casualty HCID event while maintaining the safety of the staff and other inpatients of the hospital, such as designating areas in the hospital that will service exclusively HCID patients.

Miller \[[@CR87]\] have reported that it is possible to design a temporarily designated negative-pressure isolation ward and operate it in a separate pre-determined location within the hospital. In their study, though, this site was activated over a period of only 24 h, and they have expressed some doubts as to whether such a facility may also be functional during a longer span of time.

Reinforcement of Resources {#Sec16}
--------------------------

### Staff {#Sec17}

Reinforcement of hospital personnel should be recruited from two main sources: internal and external. Internal reinforcement should be based on a freeze of vacations, training and education programs, and participation in congresses or other activities external to the medical facility; modification/expansion of working shifts (following agreement with the staff and/or unions); and re-direction of personnel who were formerly assigned to elective or ambulatory services to the newly established wards \[[@CR89]\]. External reinforcement may include medical or nursing students as well as recruitment of retired personnel who are still proficient in their basic profession. The hospital should identify areas/activities that may be performed by volunteers from the community and identify such potential volunteers who are available in the vicinity of the hospital.

Those managing personnel must consider not only the number of staff needed at any point in time, over a prolonged period of days or weeks, but must also plan to cope with the fears and anxiety that often accompany outbreaks of HCID \[[@CR65]\]. The severity of the disease, lack of effective treatments, and the potentially high transmissibility may create uncertainty among the staff concerning their safety and even distrust of the system at large and specifically the hospital administration \[[@CR90]\].

### Equipment {#Sec18}

As the routine medical equipment and devices may be insufficient in mass casualty events, each hospital needs to plan ways of reinforcing vital means, including ventilation machines and PPE \[[@CR74]\]. As much as possible, electronic ventilators should be used, but because of the extreme numbers of patients which may require ventilation, manual ventilators may need to be used. According to the type of pathogen, appropriate filters will need to be installed in the ventilators. Plans for procurement of relevant medications should also be developed according to the estimated number of patients expected to present to the hospital. Nonetheless, under austere conditions, some procedures may not be provided considering the scarcity of resources; for example, it may be decided that extracorporeal membrane oxygenation will not be provided during an HCID mass casualty event, despite its effective use during the 2009 H1N1 influenza pandemic \[[@CR71]\].

Decision making concerning types and amounts of equipment that should be purchased to maintain the capacity to manage an HCID needs to consider the risk, surge capacity, and costs of stockpiling and managing the equipment \[[@CR74]\]. A significant challenge is balancing between the need to maintain continuous preparedness while minimizing waste and the need to destroy (and consequently substitute) drugs or other materials that have expired \[[@CR71], [@CR74]\].

### Training {#Sec19}

Training and education are crucial for ensuring the ability of medical professionals to manage HCID mass casualty events \[[@CR91]\]. The knowledge required of hospital personnel during an HCID epidemic encompasses both familiarity with the approach to a single/individual patient and his/her contacts and the overall organizational preparedness for mass casualties, increase of encounters of medical/nursing staff with patients, and the need to provide medical care in ambulatory and modified hospital conditions \[[@CR92], [@CR93]\]. Medical as well as organizational aptitude is required \[[@CR77], [@CR93]\]. Three main levels have been recognized as significant for inclusion in training programs for HCID events: (1) information concerning the varied biological agents, their consequences, the courses of the disease, and means to prevent and/or mitigate its infectivity; (2) ways to develop case definitions, criteria for hospitalization, medical protocols for in-house and ambulatory care, and provision of care for patients' contacts (including staff and family members); (3) policy and decision-making processes \[[@CR91], [@CR94]\]. All hospital staff should be trained in the basic level of required knowledge, medical personnel need also to be trained in the second level, while managers of the EDs and the various hospital departments need to be trained in all three levels of knowledge and competencies.

HCIDs present a significant challenge to HCW because of potentially extreme working conditions, close encounters with infectious patients which may involve a substantial exposure to a lethal disease, preventive care that may be only partly effective, and high psychological pressure resulting from a dual commitment to the family and the workplace. Hospitals' training programs should accordingly focus not only on knowledge and competencies of the staff but also relate to the personnel's expected perceptions and attitudes \[[@CR95], [@CR96]\].

Crisis Communication {#Sec20}
--------------------

Risk communication is a vital component of managing a mass casualty HCID event, targeted to reduce uncertainty, confusion, and fear \[[@CR87], [@CR97]\].

Reporting of hospital staff to work during HCID may be challenging, especially when they perceive a threat to their own or their families' well-being. Based on lessons identified during former HCID events, such as SARS, influenza, or EVD outbreaks, elements which impact on staff's willingness to report to work include perceived cohesiveness and sense of belonging to their team/place of work, and a feeling of a "mission" and commitment to patients and co-workers. Hospital administrators should communicate to the staff the criticality of their tasks, the perception of their contribution as vital for saving lives and for the continuous functioning of the medical facility, and its significant impact on medical consequences \[[@CR98]\]. Risk communication should also include reference to actions that were taken to preserve their health and safety, such as preventive measures (physical protection, isolation facilities, infection control means, or preventive medications). Communicating messages during an HCID event must be based on relaying accurate and trustworthy information, conveyed calmly to avoid the creation of confusion and panic, and respectfully regarding the diversity prevailing among the population, including persons with special needs \[[@CR65], [@CR99]\]. Both the medical teams and the public need to be updated continually concerning the HCID event, its development, and potential consequences, as a dynamic process, transparently and credibly \[[@CR98], [@CR100]\].

The risk communication messages should be developed and published differentially according to the target population: the patients, medical personnel, family members of the staff or the patients, managers of interface agencies that operate in the vicinity of the hospital, decision and policy-makers, or the public at large \[[@CR101]\]. Proactive risk communication should be adopted to achieve wide coverage. Clear, easily understandable information should be distributed concerning questions such as who should seek medical care, who needs to be vaccinated, who should approach the hospital or alternative facilities, or what means should be used for evacuation to hospitals (e.g., ambulances or private cars) \[[@CR102]\]. Use of a tele-information center is recommended to provide the concerned public with answers to their worries. Leaflets delineating answers to most frequently asked questions should be prepared, translated into languages of the major fractions of the local population. This information should be uploaded to the hospitals' websites to be readily available to all interested parties. Proficient spokespersons should be available to relay information and updated data to local media and, through them, to the population. The spokespersons and the administrators of the hospitals should collaborate closely with other entities and authorities that operate in the community to coordinate the messaging and ensure a synchronized risk communication policy \[[@CR87], [@CR102]\].

Reporting (Internal and External) {#Sec21}
---------------------------------

Effective management of an HCID event is dependent on early identification of the first patients before the outbreak reaches uncontainable magnitudes; this can only be achieved by sharing information concerning patients or suspected contacts \[[@CR103], [@CR104]\]. Once the outbreak has created mass casualties, the need for early detection and identification evolves into a vital need for sharing information concerning the patients, their differential diagnoses, and efficiency of treatments that were administered, in an attempt to contain the event and/or mitigate its effects \[[@CR103], [@CR105]\].

Patient charts should also be maintained during an HCID, similar to routine procedures. Nonetheless, additional reporting is needed to manage the situation including Epidemiological Investigation Forms that delineate the patients' details, areas where they stayed during the event, tentative diagnosis, and treatment that was administered. The hospital needs to record and report the number of patients admitted to the EDs, the number of suspected patients infected with biological agents, the number of patients hospitalized in ICUs (adult and pediatric), and the number of deaths from HCID. Aggregation and analysis of unbiased data will facilitate their interpretation and subsequently their utilization for decision making concerning ways to manage the situation \[[@CR105]\]. The analyzed data should be further disseminated and shared transparently to promote scientific collaboration and effective systemic management \[[@CR103]\].

Risk Assessment and Risk Reduction {#Sec22}
----------------------------------

Outbreaks of HCID which cause numerous casualties constitute a continuous global risk; as the consequences of such events may be devastating to humans and infrastructures, risk assessment and risk reduction must be intrinsic components of a holistic risk management program \[[@CR106], [@CR107]\]. Managing mass casualty HCID events necessitates a robust organizational and preparedness program, including vigorous risk assessment and decision-making processes \[[@CR108]\]. Risk assessment is vital for both planning and response phases to facilitate decision making and implementation of effective interventions \[[@CR98], [@CR109]\]. As the health caregivers may be at risk of being infected, either primarily by the HCID agent or from secondary transmission of the pathogen by the patients they treat, each hospital must have the capacity to identify the risk, assess its potential damage, and implement measures to reduce the risk and ensure the safety of its manpower \[[@CR99]\].

Risk reduction in HCID events is dependent on hospital personnel's strict adherence to infection control procedures \[[@CR65]\]. If such measures are not implemented as needed, the hospitals themselves may contribute to spreading the pathogen rather than containing or controlling its evolvement. Previous studies have shown that during the SARS outbreak in both Canada and Taiwan, over 75% of the cases could be traced back to virus transmission within hospitals \[[@CR110]\].

Ethical Dilemmas {#Sec23}
----------------

The goal of caring for patients is founded on the ethical objective to provide the optimal protection of lives, health, and welfare of the population in the most effective and successful manner. Ethical management considers presence of factors that may not be known or accurately estimated prior to the event \[[@CR111]\], such as the biological features of the agent (lethality, epidemiology, infectivity, and sensitivity to antiviral treatments); characteristics of the population (density, scope of risk, and age distribution); and behavioral patterns of the population. Major ethical aspects which need to be considered include allocation of medical resources under austerity, limitation of civil rights, enforcing professional ethics of medical teams during an HCID event, competing commitments of health care providers to their place of work versus responsibility to their families and themselves, and integrating ethical as well as religious aspects in decision-making processes \[[@CR111], [@CR112]\]. Bio-ethical professionals should be involved in the decision-making processes.
